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EXPERIMENTAL MODIFICATION OF THE POLARITY
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WALTER R. MILES
Introduction
A relatively steady resting potential in the extirpated eyeball of
cold-blooded animals was independently discovered and reported
by Holmgren3"4 and by Dewar and McKendrick7 more than a
half-century ago. Later investigators, among them Kuhne and
Steiner,2' Waller,32 Gotch," Bossa and Kohlrausch,2 and Kohl-
rausch,19 extended the observations on this subject by various studies
on several animal forms including certain mammals. This field of
investigation, including both the steady potential, which is not
primarily dependent on light stimulation, and the transitory or
action potential, which does depend on luminous stimuli, has been
comprehensively reviewed by Kohlrausch.20
The first recorded effort to register potentials from the normal
human eye appears to have been only moderately successful. It was
reported by Dewar' in 1877. A small trough of clay or paraffin
was constructed around the margin of the orbit so as to contain a
quantity of dilute salt solution when the body was placed horizon-
tally and the head properly secured. Into this solution the terminal
from a non-polarizable electrode was introduced and the other
electrode was connected with a large trough containing salt solution
into which one of the subject's hands was inserted. Dewar reports:
"By a laborious process of education it is possible to diminish largely
the electrical variation due to the involuntary movements of the eye-
ball, and by fixing the eye on one point with concentrated attention,
another observer watching the galvanometer, and altering the inten-
sity of the light, can detect an electrical variation similar to what is
seen in other animals. This method, however, is too exhausting and
uncertain to permit a quantitative observation being made." Dewar's
interest was primarily in measuring the retinal action current result-
ing from the stimulation of the eye with light. He notes that the
* From the Laboratory of Physiological Psychology, Department of Psychiatry
and Mental Hygiene, Yale University School of Medicine. Aided by a grant from
the George H. Knight Memorial Fund of the Yale University School of Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
action current was superadded to the steady potential from the eye-
ball, a finding in agreement with earlier results. Had he been
interested in measuring the steady potential itself he might have
reached a quite different opinion concerning the success of his experi-
ment and thus have stimulated further work on human subjects.
The steady potential of the human eye was rediscovered in
connection with attempts to register nystagmus and other types of
eye movements electrically,15' 16, 24, 31 and has been the subject of
several recent contributions10, 12, 22, 25, 26, 29 some of which are con-
cerned with the phenomenon itself rather than with its applications.
The writer has described a technic for registering this steady poten-
tial without discomfort to the persons examined,25 has presented
data on the reliability of the measurement when carried out on sub-
jects who supposedly have normal eyes,26 and has reported the
potentials measured on a group of cases with unilateral enucleation.28
Aside from the discovery that the steady potential is modified by
apprehension and emotional strain, a finding which came out of the
reliabilitystudy,2' no verified procedure forexperimentallychanging
the polarity potential of the human eye has been found incidental
to the investigations thus far pursued. That such influential factors
exist may be supposed from (a) the wide individual differences
found for this measurement and (b) results for some of the experi-
mental work performed on the eyes of animals.20 Such factors as
temperature change, poisons, gases, different ions, and electrical and
mechanical stimuli can be applied rather easily and for the most part
"safely" to extirpated eye preparations, and also to preparations
such as those developed by Bossa and Kohlrausch in which the blood
supply to the eyeball is maintained. The possibilities for such
studies with human subjects are of course limited to a much narrower
range, but since one chief object for such investigations is the dis-
covery of results applicable to human material the limitation is not
wholly discouraging. Moreover, the factors of subject cooperation
and verbal report on the total organism response available in human
subjects have their advantages as experimental aids.
The present paper concerns some preliminary experiments, with
normal young women as subjects, undertaken to explore the possi-
bility of temporarily modifying the steady potential of the eye.
Several procedures of a rather mild type were selected for trial.
They included: (a) change ofblood pressure through breath control,
(b) pressure on the eyeballs by means of voluntary blepharospasm,
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(c) massage of one eye while the other is used as control, (d) direct
digital pressure on one eye by the subject for a brief period preceded
or followed by withdrawal of pressure, (e) instillation of a few
drops of 10 per cent sterile sodium chloride solution into the con-
junctival sac of each eye, (f) bodily relaxation-reclining posture
vs. sitting erect, and (g) short periods of both light and dark adap-
tation. None of these routines as carried out seemed calculated to
produce long after-effects and all were consonant with the objective
of keeping the subjects comfortable and quiet during the 30 to 40
minutes while eye potential measurements were being made. It
now appears that some of the procedures might well have been
repeated several times in order to make the picture of "change" or
"no change" statistically more certain. But this and other limita-
tions of the study will become clear in connection with the presenta-
tion of results.
Eighteen normal-school girls,* 17 to 20 years of age, all of
whom had served in the same laboratory on two previous occasions
several months earlier when eye potential experiments were carried
out, were the subjects in the present tests. They all knew that the
previous experimental routines had involved no hurt or discom-
fiture. They very willingly came again and, without any complaints,
cooperated excellently. The nominal monetary payment to each
subject was hardly sufficient to inhibit completely all expressions of
distaste for the required routine had such attitudes been present.
The examination required one hour and was conducted with the aid
of a young woman laboratory assistant who is a trained nurse.
Method and Procedure
Since all the subjects were familiar with the general routine from having
served previously, no extensive introductory explanations were necessary.
On coming to the laboratory a subject was met by the nurse, given a brief
statement of what the experiment would require, and weighed and seated
for application of the electrodes. Soft metal-foil electrodes 5 mm. in diameter
were used, and four of these were located about the eyes of the subject. One
side of each electrode was covered with a thin layer of salt paste before being
pressed against the skin. The electrodes were secured by bits of adhesive
tape and were placed lateral to the cornea and on either side of each eye.
* The writer wishes to express his appreciation to Mr. Jesse C. Neff, Department
of Psychology, New Haven State Teachers College, for his kindness in arranging the
laboratory appointments for his students, to the group of eighteen young women
who served as subjects, and to Miss Katherine M. Flanagan, R.N., and Mr. A. R. E.
Chapanis, laboratory assistants.
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Following the application of the electrodes, that is, about 10 min. after the
subject had been seated, pulse counts were taken, blood-pressure measure-
ments were recorded graphically, and further preliminary explanations of
what the subject would be asked to do in some of the later tests were given.
The subject was then ready to pass into the adjoining room where the eye
potential measurements were made.
The method of recording the eye P.D. has been described in detail else-
where.5 In brief, the apparatus consists of a Burr-Lane-Nims3 vacuum-tube
microvoltmeter used as
ELEcTROnES T 9O'SOO-CCWI'I PE5ON.PL-PTALASTANORIZING input for a large string
SWItCH I MOAIo 9- 24^ S |^ galvanometer arranged
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I c, part have been taken
from the original publi-
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the string of the record-
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NI3 [s tected from a P.D.
f f - : l TI6 m which might damage it
6CC" ^2C0 S8 2600 1 __ | s by the routine of first
applying the output P.D.
___ 5 to a rugged short-period-
FIG. 1. Circuit for the string galvanometer used reflecting galvanometer
with a vacuum-tube microvoltmeter for recording eye (G). Compensating
potentials. P.D from a battery
source may then be in-
troduced for zeroizing the deflection position found or to bring it within
working range, after which by manipulation of S9 the output is safely shifted
to the string galvanometer. For purposes of comparison standard deflections,
with the subject in series, from a source calibrated in 1 mv. steps were
routinely included in each photographic record.
* Slight modifications from the original circuit were incorporated in the two
microvoltmeters, the construction of which Dr. C. T. Lane kindly supervised for
the writer.
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Preparatory to recording the P.D. of the eye the subject fixated a mark
or small light placed several feet away and directly in front of her face, i.e., on
the primary line of regard. The P.D. arising from the tissues surrounding
the eye or eyes was now compensated so as to bring the galvanometer shadow
to its zero position. Then the subject was asked to keep the head still and
to turn the eyes to a point placed horizontal from the central position and 300
to the right. She was to maintain this new fixation steadily for a moment,
then return fixation to the center mark and after a moment turn the eyes
to a point 30° to the left and finally back to center. This sequence of fixa-
tions (center, right, center, left, and center) was repeated two or more times
in making each record. The turn of the eye, which is a Type I (saccadic)
movement, according to the classification of Dodge,8 is not here registered as
an action potential, but serves only to change the lead-off angle on the eyeball
so that one electrode is brought nearer the cornea and the other nearer the
posterior region. As soon as this change of eyeball position is made the P.D.
(cornea positive, retina negative) shows as a deflection of the galvanometer
shadow and the deflection continues so long as the fixation remains at that
point. It has previously been found that the eye P.D. varies directly as the
sine of the angle of rotation of the eye.10 The writer has confirmed this
result and has adopted the 300 rotation from the primary line of regard as a
standard lead-off angle to be used in comparative studies on the eye P.D.
under different conditions and in various groups of subjects.25
The two electrodes across the left eye are referred to as Lead 1, the two
across the right eye as Lead 2, the two across the temples as Lead 3, and the
two placed on the nasal areas as Lead 4. All but Lead 4 give plus values
for a given lateral eye position. The relationship between the P.D.'s for the
four lateral leads has been found26 substantially to agree with expectation;
that is, Ld.1 + Ld.2-Ld.4 = Ld.3.
Results
For the first series of records the nurse seated each subject in a
reclining upholstered chair and placed the subject's feet and legs
horizontally on alarge cushioned stool. Theposition was one favor-
ing relaxation and the instruction was to relax. The head was sup-
ported on a padded back cushion and additional pad supports were
placed on either side to restrain its tendency to turn left or right
from the primary position. The subjects were asked to cooperate in
keeping the head still, and the nurse, sitting near during the record-
ing, checked their behavior on this and other matters. Fixation
points in the formofsmall reflection buttons wereplaced atmeasured
angles high on the light cream-colored wall in front of the subject
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and at adistance ofabout 3 m.* After a series, usually of 12 records
(see Tables 1 and 2), had been completed in the reclining posture,
the subject changed to an upright chair and head-rest so placed as
to face three small neon lights, on a blackbackground, 1.5 m. distant,
arranged as fixation points and subtending angles of 300 right and
left of the center light. In this upright position a series of ten
TABLE 1
STEADY POTENTIALS OF THE EYES WITH SUBJECTS RECLINING:-INFLUENCE OF
CLOSED EYELIDS ON THE MEASUREMENT
(Values in millivolts; potentials are of plus sign)
A B C D E
Subject Ld. 3 Ld. 3 Ld. 3 Ld. 2 Ld. 2
No. L R L R L R L R L R
144 1.29 1.11 1.67 1.04 ... ... ... ...
138 1.32 1.20 1.92 1.36 2.25 1.84 1.04 1.00 0.96 1.19
140 1.66 1.54 2.11 2.00 2.00 1.69 0.93 0.96 1.00 1.08
141 1.58 1.58 1.97 1.54 1.45 1.52 0.71 0.96 0.83 0.97
142 1.15 1.11 1.64 1.22 1.22 1.43 0.89 0.85 0.77 0.96
145 1.29 1.40 2.12 1.72 1.64 1.88 0.77 1.04 0.89 1.08
146 1.86 1.39 2.00 1.79 0.82 0.86 1.04 1.11
148 1.42 1.35 2.08 1.41 2.19 2.15 1.04 1.04 1.24 1.08
149 0.92 0.92 1.38 1.50 1.96 1.23 0.77 0.73 0.96 1.08
150 1.08 1.00 1.76 1.16 1.32 1.72 1.00 1.08 ... ...
152 0.85 0.85 1.48 1.04 1.22 1.36 0.86 0.82 0.88 0.85
154 1.12 1.08 1.73 1.19 ... 0.73 0.81 0.81 0.92
156 0.96 0.96 1.39 1.07 ... 0.93 0.78 0.93 0.83
Mn. 1.21 1.18 1.75 1.36 1.72 1.60 0.87 0.91 0.94 1.01
S. D. 0.25 0.24 0.28 0.20 0.36 0.31 0.11 0.11 0.12 0.11
P. E.m 0.05 0.05 0.06 0.04 0.08 0.07 0.02 0.02 0.03 0.02
A. Bitemporal lead with general conditions same as in No. 1, Table 2.
B. Bitemporal lead when subjects turned the eyes to right and left as far as comfort
would permit.
C. Bitemporal lead, same as B but with the eyelids closed.
D. Right eye lead with both eyes open.
E. Right eye lead with the right lid held closed but the left eye open
records (see Tables 3 and 4) was taken in association with various
experimental routines. Then the subject changed back to the
* When subjects sat in the reclining chair and looked at the fixation buttons on
the light cream-colored wall, one of the ceiling lights with opal shade came within
the left peripheral field. The adaptation of the eye under these circumstances
was at about 10.0 millilamberts as determined by the size of the pupil and the
standard values published by Reeves.30 When seated at the head-rest in the
vertical-chair and looking at the neon lamps against a black cloth background, adap-
tation was at about 1.0 millilambert.EXPERIMENTAL MODIFICATION OF EYE POTENTIAL
reclining chair for a series of three records, which included those
taken after the instillation of salt solution (see Table 5). With
each change of position every effort was made to get the subject into
comfortable adjustment, and sufficient time was allowed so that she
might become accustomed to the new situation. The experimental
test procedures were not rehearsed except in terms of careful verbal
instructions before recording the eye P.D. incident to each routine.
For all but the first six subjects a preliminary series of records,
A to E inclusive, taken in the reclining chair provides a comparison
of P.D.'s with the eyes open and closed. These data are presented
in Table 1 and illustrative records are reproduced in Fig. 2. Record
A was made from the bitemporal lead (Ld. 3) and subjects turned
their eyes 300 left and right from center. The average P.D. found
for L was 1.21 mv. and for R 1.18 mv. and for both together 1.20
mv. The standard deviations are relatively low. The next record, B,
followed the same routine except that subjects were not to stop on the
300 marks but were to turn the eyes left and right as far as they could.
A difficulty occurred here. The wall at the left extended well beyond
the 300 mark but at the right the intersecting wall joined only a
little beyond the 300 position. All the subjects were able to turn
their eyes well beyond 300 left as indicated by the mean, 1.75 mv.,
but on the right most of them stopped at the corner of the room and
could not or did not turn their eyes as if to "look through the wall."
The result was a mean of only 1.36 mv. When the eyes were closed
and then turned as far as possible to each side (C), this spatial diffi-
culty in the fixation field was no longer experienced and a larger
turn to the right was executed. But apparently there was a hold-
over from the previous visual experience, and the eyes were not
turned so far right as left. The pseudo-fixation which occurs when
the lids are dosed is a very poor substitute for genuine fixation, as
can be seen from the tracings in Fig. 2, record C; and the estimation
of center position, when the lids are down, is also quite variable.
By recording from one closed eye while the other remains open
and guides the fixations we may gain an estimate of the effect which
the closed lid may have on the recorded P.D. Such a comparison
is given in Table 1. Record D was recorded across the right eye
(Ld. 2) with both eyes open, 30° angles used, while record E was
taken also on the right eye, but with only the left open. The right
lid was very gently held closed by the subject placing a finger on
the lashes. The recorded P.D. was larger when the eye was
measured under its closed lid. With the eye open the average for
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both lateral directions was 0.89, S.D. 0.09; with it dosed, 0.98,
S.D. 0.10 mv. The critical ratio* of the difference is 3.7, or equiva-
lent to 99.6 chances in 100 that the difference is in the direction
indicated.
Breath and Lid Pressures. After the five preliminary records
just discussed and with the subject reclining in the easy-chair, suc-
cessive recordings were made for Ld. 3 (bitemporal) under varying
conditions. The data for these sets of records numbered in order
from 1 to 7 are presented in Table 2, and illustrated for Subject
140 in Figs. 2 and 3. The first record, No. 1, was taken after the
subject had been reclining for several minutes with the eyes open in
thewell-lighted laboratory room. Therecording apparatus was in the
same room, but behind the subject, and offered very little by way
of distraction. The nurse sat near by, to the left and back of the
subject in order to reassure her, to ascertain directly that she did
not move her head, and to see that the various conditions were
carried out according to directions. The P.D. found when the eyes
were turned 300 to the left averaged 1.14 mv., S.D. 0.20; and when
turned 300 to the right averaged 1.16 mv., S.D. 0.17. The com-
bined average forboth right and left istherefore 1.15, S.D. 0.18 mv.
It may be noted that the average for the same subjects and same
lead in a previous session several months earlier was 1.19 mv.,
S.D. 0.23. This value for the bitemporal lead is not the sum for
the two eyes measured separately, but probably (as measured with
electrodes placed on the skin) amounts to the optimal value for the
average of the subject's two eyes.
Record No. 2 was taken under conditions similar to those for
No. 1 plus the added factor of voluntary control of the breath, used
as a means of heightening the blood pressure. After the electrodes
had been put on in the other room, the subject's normal blood pres-
sure measured, and the nurse had explained and rehearsed the pro-
cedure of taking a moderately full breath and then pressing hard
with the diaphragm and thorax as if to expel the air but without
doing so, blood-pressure records were taken during these pre-
liminary breath-pressure tests. The two sets of blood-pressure
records are included in Table 2. Among the 17 subjects for whom
a pair of records under normal and breath-pressure conditions were
*All the critical ratios (C. R.) in this paper have been computed in terms of
standard errors rather than probable errors, and a C. R. of 3.0 is taken to represent
good statistical reliability.
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made, it will be observed that 11 showed a higher systolic pressure
during breath control than they had registered previously. Averages
for the normal condition show systolic 99, diastolic 65, pulse pres-
sure 34; and for the breath-pressure test, systolic 104, diastolic 67
and pulse pressure 37. The change introduced by the experimental
routine was not large, and some subjects failed to demonstrate a
positive rise of blood pressure. The eye P.D. associated with this
group tendency for a rise in blood pressure demonstrates no clear-cut
difference from normal. There were 11 subjects who showed either
no change or a rise: No. 140 gave an 8 per cent rise and No. 150
gave 10 per cent. In no instance did the eye P.D. show a sharp
drop: No. 139 dropped 7 per cent, No. 151 dropped 5 per cent,
and a total of 7 showed some decrease in P.D. Record No. 3,
which was taken 1 min. after No. 2 and with subject breathing "nor-
mally," showed averages at essentially the same level. The total
average P.D. after breath pressure was thus found to agree very
closely with the preceding level, but interpreted in reference to the
factor of relaxation, to be discussed later, it probably represents a
slight positive change which, of course, in the present instance is
not statistically reliable.
An attempt was made (see Records Nos. 4 and 5) to change the
P.D. through pressure on the eyes by means of the eyelids; that is,
voluntary blepharospasm was tried. The subject sat for 2 min.
with the eyes closed and then on signal opened them and No. 4 was
recorded. After another 2 min. with eyes closed, for 5 sec. she
vigorously squeezed on the eyes by means of the lids, then on signal
opened the eyes, fixated the center button and No. 5 was taken. In
FIG. 2. (Upper) Eye-potential records for Subject No. 140. All records are
to be read from the bottom upward. Most of the tracings begin with standardiza-
tion deflections from a battery potential of I mv. Following these, the large deflec-
tions right and left of the center represent the subject's fixation to the right and
left of the center mark. The small deviation which frequently occurs shortly after
the eye has shifted its fixation represents a correction of fixation and is a normal
phenomenon indicative of care on the part of the subject. The portion of the
record beyond such a correction is the part measured in determining the eye poten-
tial. The heavier vertical background lines represent 5 mm. distances. The faint
horizontal lines represent 0.1 sec. durations. The magnification of the optical
system was X 1000. The significance of the letters and numbers is explained in
the text.
FIG. 3. Eye-potential records for Subject No. 140. Records 4 to 7 inclusive
were made while the subject was reclining; Nos. 8 to 13 were made while at the
head-rest, sitting upright. For descriptions of the tests which the different records
represent see the text.
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Fig. 3, Record No. 5, the period of lid pressure is represented at the
bottom and shows as a drifting line made up of many action-poten-
tial spikes. The results for 4 and 5 in Table 2 correspond very
dosely, but, as averages, are higher than those found for Records
6 and 7 which succeeded this test. Four subjects, Nos. 139, 140,
141, and 148, gave P.D.'s after blepharospasm that are higher than
any of their other respective averages in Table 1. Records 4 and 5
in the experimental procedure constituted the critical comparison.
But quite obviously 4 should have been duplicated following 5. As
it is, the evidence at hand is only presumptively in favor of some
increase of eye P.D. associated with vigorous lid pressure and rather
clearly against a decrease from this routine. However, at present
it is not possible to decide whether the apparent change is directly
from pressure applied to the eyes or indirectly from changed alert-
ness and tension incident to carrying out the routine.
Light- and Dark-adaptation. Less than 3 min. intervened
between Records 6 and 7, data for both of which are given in
Table 2 and illustrations in Fig. 3. A short period of dark-adapta-
tion was introduced prior to No. 6. The subject sat with the eyes
open but with the room dimly lighted. The ceiling lights were off
and the light from the recording lamp of the galvanometer behind
the subject was just sufficient after the 2 min. of dark-adaptation
to make it possible for her to see the reflected light from the fixation
points. The adaptation of the eye was at about 0.0001 millilamberts.
The averages under this condition are 1.01 and 1.04 mv. respectively
for left and right fixations. Record 6 thus demonstrates P.D.'s
quite definitely below No. 5 and the other records which have pre-
FIG. 4. Eye-potential records showing the effects of pressure on the eye and
of instillation of hypertonic salt solution. Records 14 to 21 inclusive were taken on
Subject No. 140. In No. 14 pressure was applied to the eye during the first half
and not in the second half; in No. 15 the pressure was applied only during the
second half. No. 18 was a bitemporal tracing taken just before the instillation of
sodium chloride solution; No. 19 followed the introduction of salt by about 1 min.,
and the change of the potential during fixation is evident. The phenomenon of
rapid increase in potential after the completion of lateral fixation is still more
evident in records Nos. 20 and 21 which were taken 3 and 5y2 min. respectively
after application of the salt solution. During the taking of these records, battery
potential was occasionally applied to shift the zero position and so to keep the
deflections within the range of the camera. Records 18a, 19a, and 20a were taken
on Subject No. 156: No. 19a was recorded 1 min. and 20a 3 min. after application
of the salt solution. These three records give the more usual type of results for
the salt experiment.
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ceded in Table 2. On the other hand No. 7, taken immediately
after 2 min. of light-adaptation at about 10.0 millilamberts (same
light conditions as for No. 1), averages only 0.97 mv., which is
0.05 mv. lower than for "dark-adaptation" preceding it. This dif-
ference shows a critical ratio of 3.8, indicating 99.8 chances in 100
that the difference is real and in the direction found. But the extent
TABLE 3
STEADY POTENTIALS OF THE EYES WITH SUBJECTS SITTING UPRIGHT:-INFLUENCE
OF MASSAGE ON MONOCULAR POTENTIALS.
(Values in millivolts; potentials are of plus sign)
8 9 10 11 12 13
Subject Ld. 3 Ld. 2 Ld. 1 Ld. 1 Ld. 2 L4. 1
No. L R L R L R L R L R L R
139 0.96 1.15 0.63 0.96 0.85 0.85 0.85 0.85 0.81 1.00 0.81 0.73
143 1.07 1.07 0.76 0.76 0.83 0.80 0.83 0.83 0.80 0.80 0.90 0.90
144 0.89 0.92 0.67 0.70 0.63 0.63 0.64 0.68 0.67 0.63 0.64 0.64
147 0.89 0.89 0.61 0.72 0.68 0.57 0.93 0.82 0.64 0.72 0.72 0.61
151 0.81 0.85 0.62 0.69 0.58 0.62 1.04 0.62 0.62 0.73 0.56 0.52
153 0.93 0.93 0.76 0.76 0.72 0.72 0.96 1.08 0.74 0.66 0.88 0.96
138 1.20 1.08 0.93 1.00 0.96 0.80 1.00 0.88 0.93 0.93 0.88 0.80
140 1.42 1.23 0.96 0.85 1.08 1.08 1.04 1.12 0.96 0.88 0.89 0.92
141 1.28 1.54 0.72 1.03 0.93 0.86 1.10 0.96 0.75 0.96 0.87 0.73
142 1.04 1.00 0.77 0.77 0.78 0.71 0.77 0.73 0.77 0.81 0.81 0.73
145 1.19 1.15 0.69 0.92 0.96 0.80 0.96 0.84 0.72 0.92 1.00 0.84
146 1.11 1.18 0.74 0.74 0.78 0.93 0.67 0.85 0.57 - 0.61 0.62 0.77
148 1.46 1.41 1.08 1.12 1.15 1.11 ... ... 1.00 1.04 ... ...
149 1.00 1.00 0.73 0.77 0.68 0.64 0.64 0.72 0.65 0.65 0.60 0.60
150 1.27 1.23 0.96 0.92 0.84 0.80 0.73 0.92 0.88 0.72 0.72 0.80
152 0.78 0.82 0.62 0.77 0.63 0.59 0.61 0.57 0.72 0.80 0.67 0.70
154 0.92 0.88 0.62 0.65 0.85 0.69 0.78 0.70 0.62 0.73 0.81 0.73
156 1.07 1.18 0.89 0.75 0.78 0.93 0.75 0.89 0.83 0.69 0.75 0.82
Mn. 1.07 1.08 0.76 0.83 0.82 0.78 0.84 0.83 0.76 0.79 0.77 0.75
S. D. 0.19 0.19 0.14 0.13 0.15 0.15 0.15 0.14 0.12 0.13 0.12 0.11
P. E.m 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
8. Bitemporal lead taken after sitting upright for some minutes with the eyes open
in a rather dimly lighted room and when fixating small neon lights.
9. Right eye lead under same conditions as No. 8.
10. Left eye lead under same conditions as No. 8.
11. Left eye lead taken immediately after 15 sec. of vigorous rubbing by the subject.
12. Right eye lead taken soon as possible after No. 11.
13. Left eye lead taken 3 min. after No. 11.
to which this difference is due to dark-adaptation specifically is still
unsettled for the reasons: (a) that the lower average came later,
when a greater degree of relaxation on the part of the subjects may
be expected, (b) that fixation after the dark-adaptation was the more
difficult task, and (c) that dark- and light-adaptation were not alter-
nated with each other a sufficient number of times to demonstrate
clearly a consistent contrast between them.EXPERIMENTAL MODIFICATION OF EYE POTENTIAL
Massage of the Eye. At this point in the routine the subjects
changed to the upright chair. The tooth rest and forehead rest
were both adjusted to the individual in such a way as to give her
all the comfort compatible with the experimental requirements. In
the new position the room was illuminated as before, but in place of
fixating reflector buttons the subject looked at small neon lamps
arranged on a horizontal arc at a radial distance of about 57 in.
from the eyes. After a preliminary Ld. 3 record, No. 8, a series of
monocular tracings was taken in which the intentionally introduced
factor was that of massage. These records include Nos. 9 to 13,
the data for which are given in Table 3 and illustrative tracings are
shown in Fig. 3. Lead 2 across the right eye, i.e., No. 9,
was followed within less than a minute by No. 10 across the
left eye. Immediately the subject (who had been forewarned)
was asked to close the left eye and to rub it with the finger tips or
knuckles as one might do if sleepy or tired. Subjects were cautioned
not to massage or press too hard, but only as vigorously as they
naturally might in such manual servicing of the eyes. After 15 sec.
of massage to the left eye only the P.D. was immediately recorded
in Record No. 11. Then as quickly as possible No. 12 was taken
on the right eye. And after an interval of 3 min. from the termina-
tion of No. 11 came No. 13, again on the left eye.
We see that the right eye in No. 9 gave L 0.76 and R 0.83,
average 0.80, S.D. 0.12 mv. The left eye in No. 10 gave L 0.82,
R 0.78, average 0.80, S.D. 0.15 mv.* The two average P.D.'s
are thus equal. Immediately following massage the left eye, No. 11
(15 cases), was found to register L 0.84, R 0.83, average 0.83,
S.D. 0.13 mv., but the right now showed L 0.76, R 0.79, average
(15 cases) 0.76, S.D. 0.11 mv. The difference, 0.07 mv., has a
C.R. of 2.5. Three minutes after massage the left registered L 0.77
and R 0.75, average 0.76, S.D. 0.11 mv. The difference between
Nos. 11 and 13 is 0.07 mv., C.R. 2.7 (98.4 out of 100 chances that
the difference is real). The statistical reliability of these differences
is not very great, but when the massaged eye is compared against
itself before and after and against its unmassaged mate as control,
the evidence points toward a small increase of P.D. from a short
period of mild massage.
*These results on each eye registered separately confirm what has previously
been found, that the individual eye when looking temporalward registers a slightly
higher potential than when looking nasalward.28
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Pressure on the Eye. Preliminary experiments on the applica-
tion of direct digital pressure to the eyeball are summarized in
Table 4, and illustrative records are reproduced in Fig. 4. Rubber
TABLE 4
STEADY POTENTIALS OF THE EYES WITH SUBJECTS SITTING UPRIGHT.-INFLUENCE
OF DIRECT DIGITAL PRESSURE ON MONOCULAR POTENTIALS.
(Values in millivolts; potentials are of plus sign)
14 15
Ld.2 Ld. 2
L R L R 16 17
Subject 1st 2nd 1st 2nd 1st 2nd 1st 2nd Ld.2 Ld. 1
No. half half half half half half half half R L
139 0.71 0.59 0.97 0.93 0.71 0.85 0.97 1.08 1.08 0.89
143 0.86 0.97 1.00 1.00 0.87 0.84 0.94 1.00 0.79 0.97
144 0.53 0.72 0.68 0.75 0.70 0.74 0.74 0.78 0.74 0.75
147 0.89 0.78 1.02 0.89 0.74 0.85 0.85 1.00 0.79 0.82
151 0.73 0.69 0.85 0.81 0.69 0.81 0.81 0.89 0.77 0.58
153 0.85 0.81 0.92 0.85 0.88 0.92 0.92 0.96 0.93 0.81
138 0.96 1.00 1.04 1.04 1.04 1.12 1.00 1.12 1.00 0.92
140 0.89 0.92 1.00 0.96 0.96 0.85 0.92 1.00 0.93 1.04
141 0.62 0.69 1.00 0.90 0.50 0.36 0.86 0.84 0.93 0.86
142 0.62 0.73 0.89 0.81 0.81 0.66 0.89 0.92 0.89 0.85
145 0.68 0.72 1.00 1.00 0.73 0.86 0.92 1.08 1.08 0.96
146 0.71 0.57 0.68 0.61 0.52 0.74 0.67 0.78 ...
148 1.12 1.12 1.16 1.12 1.00 1.12 1.04 1.12 1.08 ...
149 0.65 0.65 0.77 0.73 0.76 0.85 0.76 0.88 0.85 0.65
150 0.81 0.85 0.65 0.69 0.80 0.84 0.64 0.84 0.52 0.69
152 0.74 0.80 0.80 0.74 0.85 0.77 0.66 0.69 0.69 0.59
154 0.68 0.72 0.80 0.76 0.73 0.65 0.77 0.81 0.77 0.85
156 0.75 0.88 0.86 0.75 0.79 0.86 0.82 1.00 0.79 0.86
Mn. 0.77 0.79 0.89 0.85 0.78 0.82 0.84 0.93 0.86 0.82
S. D. 0.14 0.14 0.14 0.13 0.14 0.16 0.12 0.12 0.14 0.13
P. E.m 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02
14. Right eye lead under same conditions as No. 8 but with finger pressure applied to
the lower lid during the first half of the record and with the left eye covered.
15. Right eye lead with finger pressure applied to the lower lid during the last half of
the record and with the left eye covered.
16. Right eye lead with steady fixation to the right.
17. Left eye lead with steady fixation to the left.
finger-cots were placed on the first two fingers of the subject's right
hand. A blind-fold was arranged over the left eye so that vision
would be monocular and so that the displacement of the right eve
from pressure would not cause the subjective difficulty of diplopia.
The right hand was supported on thehead-rest conveniently nearthe
subject's face and on signal she could bring the tips of the two
fingers, covered with the insulating rubber cots, against the lower
lid, thus applying pressure in the line of the median plane of theEXPERIMENTAL MODIFICATION OF EYE POTENTIAL
head. The pressure was moderate and in each case the subject
interpreted "moderate" according to her own standard. Record
No. 14 may be considered a practice trial. Pressure was applied
during the first half and released during the second half of the
record. Although the tracings show more irregularities in the first
than in the second half, the registered P.D.'s show little or no posi-
tive change. For the first half, Table 4 shows L 0.77, R 0.89, with
the average 0.83, S.D. 0.12 mv.; second half L 0.79, R 0.85,
average 0.82, S.D. 0.12 mv. The record was continuous and a
disturbance of potential in the first half might have persisted for a
few seconds and so influenced the last half. Record No. 15 is cer-
tainly better arranged as an experimental test, since the first half
was recorded without pressure, and then, on signal, the finger tips
applied pressure during the second half. There appears to be a
rather definite change; the average for the first half was 0.81,
S.D. 0.11 and for the second 0.87, S.D. 0.12 mv. The difference,
0.06, is 3.2 times the standard deviation of the difference, equalling
99.4 chances in 100 that its direction may be trusted as a bit of scien-
tific information. Records Nos. 16 and 17 have been included in
Table 4 for comparison with the pressure part of No. 15, which had
preceded them by about 4 min., and it is quite evident that they are
lower.*
* Nos. 16 and 17 were included in this study for the purpose of recording "off
effect" retinal action potentials. In No. 16 the subject's left eye was covered and,
while she looked steadily with the right at the fixation point 300 to the right, a
light of about 9.0 millilamberts just below the fixation point was suddenly extin-
guished by a shutter mechanism. A similar trial was carried out with the left eye
in No. 17. It was anticipated that small action-potential waves resulting from
cutting off the rather strong light stimulus to the retina would reveal themselves in
the tracings. The expectation was not borne out. No one of the 18 subjects
showed unmistakable action potentials from this stimulus set-up. It seems necessary
to assume from what is well known through other studies that action potentials must
be present in the eye as a result of such stimulation. But the electrode placement
employed is evidently not suitable for detecting these transitory P.D.'s which other
evidence20 would lead us to expect must be quite small in comparison with the steady
potential. In an earlier paper26 the writer said that both currents of rest and action
currents were readily measurable by the technic of applying metal-foil electrodes to
the skin next the eyes. This statement, so far as action potentials were concerned,
was based on trials in which the retina had been stimulated by suddenly exposing
it to light. The subject was a well-trained observer with remarkably steady fixation.
However, small lid movements following the light stimulus now seem to have been
the probable explanation of the action currents there obtained. The inclusion of
"action currents" in the above statement therefore seems to be unwarranted, and the
writer wishes to correct this error.
175YALE JOURNAL OF BIOLOGY AND MEDICINE
Instillation of Sodium Chloride Solution in the Eye.
Sodium chloride as used in eye washes is ordinarily a 5 per cent
solution. These tests were made with a solution of double strength.
The subject sat leaning well back in the redining chair where the
experimental session had begun and, after the recording of a normal
Ld. 3 (record No. 18), tests with the hypertonic salt solution were
carried out. A medicine dropper was employed and three or four
drops of 10 per cent sterile sodium chloride solution, warmed to
body temperature, were instilled into the conjunctival sac of each
eye. Special efforts were made to avoid having the salt solution
come in contact with the electrodes and also subjects were asked
not to turn their eyes widely to either side when adapting to the
first sensation of smarting after the salt had been introduced.
Copious blinking, of course, took place. The normal Record No. 18
gives an average value which is almost identical with the first and
normal record in Table 2, that is, after taking the position at the
head-rest, but is significantly lower than Record No. 1 in Table 1,
due, as I believe, to the factors of adaptation and relaxation. Intro-
ducing the salt solution required no change ofposture for the subject,
but the experience did occasion some activity, especially of the sub-
ject's arms and hands. The excess fluid was taken up by wisps of
cotton while the eyes were closed. The eyes watered in consequence
of the salt stimulation, and it was 30 to 90 sec. before the subject
was able to fixate. Record No. 19 was then taken (see Table 5).
Sample records before and after the instillation of salt are repro-
duced in Fig. 4. Subjects 151 and 153 experienced so much dis-
turbance about the eyes that a satisfactory No. 19 record could not
be taken. In the case of Subject 146 the difficulty was wholly on
account of failure of the photographic camera. Record No. 20 was
made 3 to 5 min. after instillation of the sodium chloride solution.
Comparing L's with L's, and R's with R's in Table 5 shows that
No. 19, after salt, is in every instance higher than No. 18. In the
former the directional averages are L 1.43, R 1.54, average 1.48,
S.D. 0.29 mv. Prior to salt instillation we find: L 1.10, R 1.09,
average 1.09, S.D. 0.18 mv. The difference, 0.37 mv., has C.R. 7.1
and is thus highly dependable. (Only the 15 cases for whom both
Nos. 18 and 19 were available were used in this comparison.) In
all but one instance (Subject 153) Record No. 20, taken 3 to 5 min.
after salt, shows higher P.D.'s than are found for the normal record,
and in most instances a little higher than No. 19. Using only the
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15 cases for whom complete data are available on all three records
the general average for No. 20 is found to be 1.54, S.D. 0.33 mv.
The difference, 0.43 mv., between Nos. 18 and 20 has a critical
ratio of 7.4 but the difference, 0.06, between Nos. 19 and 20, has a
C.R. 1.2, since the S.D.'s are so much larger after the salt than
before. It is evident that 10 per cent sodium chloride solution
TABLE 5
STEADY POTENTIALS OF THE EYES WITH SUBJECTS RECLINING:-INFLUENCE OF
INSTILLATION OF HYPERTONIC SALT SOLUTION.
(Values in millivolts; potentials are of plus sign)
18 19 20
Subject Ld. 3 Ld. 3 Ld. 3
No. L R L R L R
139 1.19 1.16 1.62 123 1.76 1.62
143 1.03 1.03 1.10 1.07 1.21 1.18
144 1.00 0.96 1.33 1.66 1.18 1.22
147 1.15 1.11 1.60 1.22 1.63 1.30
151 0.73 0.85 0.88 0.88
153 1.12 1.15 ... ... 1.12 1.04
138 1.35 0.91 1.64 1.52 1.60 1.60
140 1.38 1.31 1.57 2.18 2.80 1.92
141 1.00 1.21 1.41 1.59 1.56 1.56
142 1.15 1.07 1.30 1.55 1.44 1.44
145 1.23 1.23 1.96 2.08 2.08 1.76-
146 0.78 1.04
148 1.44 1.44 1.84 1.89 1.92 1.84
149 0.96 1.00 1.19 1.19 1.48 1.48
150 1.04 1.04 1.27 1.30 1.08 1.20
152 0.66 0.73 0.80 0.96 1.12 1.04
154 0.92 0.92 1.15 2.08 1.52 1.44
156 1.30 1.33 1.60 1.56 1.63 1.60
Mn. 1.10 1.09 1.43 1.54 1.49 1.40
S. D. 0.21 0.18 0.29 0.37 0.46 0.28
P. E.m 0.04 0.03 0.05 0.07 0.08 0.05
18. Bitemporal lead with general conditions same as in No. 1.
19. Bitemporal lead shortly after introducing a few drops of 10% sodium chloride
solution into the conjunctival sac of each eye. 20. Bitemporal lead taken 3 to 5 min. after instillation of the sodium chloride solution.
applied to the eye is followed by a definite rise in registered P.D.
and that the rise continues at least over some minutes.
Relaxation and Eye Potential. In planning this entire series of
experiments it was desired to avoid as much as possible the inter-
ference of subjective factors and to this end practiced subjects were*
used. Previously it had been noted that between first and second
experiments a drop in P.D. tended to occur.2" This was credited toYALE JOURNAL OF BIOLOGY AND MEDICINE
the psychological factor of decreasing apprehensiveness in the sub-
jects as they became acquainted with the experimental routine. By
using subjects who were coming for the third time apprehension
could just about be counted out. As mentioned in the discussion of
Record No. 1, the results obtained here gave rather close agreement
with those secured in the session some months before, although they
were still a little lower. But now with the reclining chair and with
several records repeating the same lead at various intervals another
factor came out dearly. This we may call tentatively "relaxation."
The experimental series were not well designed to study it
specifically.
Records Nos. 1 and 7 were duplicates except that the latter came
some time after various rather mild procedures and after the subject
had been comfortably reclining for 15 min. or more. The difference
in P.D. level (see Table 2) is striking. The total average for No. 7
is 0.97, S.D. 0.21 mv., whereas for No. 1 it is 1.15, S.D. 0.18 mv.
The difference, 0.18 mv., has a C.R. of 5.9. In spite of the various
procedures applied a gradual decline in P.D. took place during this
first period in the reclining chair.
When the subject changed to the vertical chair and head-rest
there appears to have been an accompanying shift in PD., for No. 8
shows an average of 1.08, S.D. 0.19 mv. The difference between
it and No. 7 is therefore 0.10 mv. and has a C.R. of 5.0. In every-
thing but posture of the subject (see footnote on p. 166), Nos. 7
and 8 were arranged to be essential duplicates. In one the subject
is reclining at the end of a series, in the other she is sitting bolt-
upright at thebeginning of a group of tests. Unfortunately, a dupli-
cate of No. 8 was not taken after the massage test. But comparing
Nos. 9 and 12 we find a drop from 0.80 to 0.78, and for Nos. 10
and 13 the drop is from 0.80 to 0.76 mv. Therefore, it might be
predicted that Ld. 3 after the massage test would have registered
about 4 per cent lower than No. 8. Now when the subject leaves
the head-rest and vertical chair and returns to the reclining chair we
find for Record No. 18 a P.D. (average 1.09, S.D. 0.18) that is at
the same level as No. 8, dependably higher than No. 7, and lower
than No. 1. From these comparsions it seems clear that adjustment
and relaxation in a favorable posture tend to be accompanied by a
progressive decrease in the eye potential over a period of some
minutes. It is not evident from these tests how long a time is
required for the eye to reach a steady minimal P.D. after the subject
iS quiet.
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Discussion
Applying the electrodes to the skin adjoining the eyes in place
of directly on the eyeball has certain advantages and also some dis-
advantages. By the use of skin electrodes the comfortable coopera-
tion of the subject is assured and the measurements may be repeated
and prolonged almost without limit. No conceivable damage can
be done to the eyes. Furthermore, there is the important methodo-
logical advantage for the skin electrodes that the lead-off angles in
conscious cooperative subjects are determined by means of the deli-
cate oculo-motor coordinations. A subject can move her eyes quite
precisely between points that have a measured angular separation,
whereas for an experimenter to measure off angular distances on the
eyeball itself would almost certainly be less exact. But we must
recognize that the skin electrodes get the P.D. of the eye indirectly
from adjoining tissues. The spread of electrification which occurs
in these tissues may considerably modify the recorded P.D. from
that actually existent at the surface of the bulbus. This factor cannot
be estimated at the present time.
It is known fromwork on extirpated eyes that the measured P.D.
is highest when one electrode is placed on the apex of the cornea
and the other on the posterior pole of the bulbus.1' 9 As the front
electrode is moved to the border of the cornea, the P.D. drops and
becomes still lower when this electrode is placed on the sclera and
made to approach the one at the back of the eye. When skin elec-
trodes are used and the eyes are well open and fixed on the primary
line of regard the cornea with its strong plus electrical polarization
is out of contact with both electrodes. But a closed eyelid may
serve as a conductor from the corneal area to the electrodes. The lid
should conduct to both electrodes; however, when the eye is turned
300, the path from the apex of the cornea is considerably shorter to
one than to the other. This hypothesis may explain the increase of
P.D. noted in Record E as compared with Record D of the present
investigation. According to this theory, lateral fixation through
very narrowly closed lids or slowly closing the lid while maintaining
adequate lateral fixation should produce some increase in the regis-
tered potential. Tremor of the lid will produce action potentials
superimposed on the steady potential tracing and so complicate the
record; nevertheless, the tests would seem to be worth making.
Comparison of subjects grouped according to palpebral-fissure width
might also give some supplementary evidence.
Massage and pressure as used in this study may both be regarded
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as rather mild experimental measures, but they resulted in slight
elevations of the registered P.D. What mechanism produces this
change is not known. Waller32 and Jolly17 have reported changes
in the action potentials of the extirpated eye of the frog after
massage. Waller32 noted that: "In consequence of gentle massage
of the eyeball the normal current becomes strongly positive (or less
negative). This positive change gradually subsides." "Normal
current" here is taken to mean the same as steady potential. Lund,28
working in the field of plant physiology, found that mechanical
stimulation temporarily changed the electric polarity between the
main apex of a lateral branch and any lateral shoot of the first whorl
of the Douglas fir.
Physiological effects are, in general, to be expected from pres-
sure, as Cattell5 has shown in his review of several researches, and
the eye potential is apparently no exception. The tests made in this
study were only for preliminary orientation and will have served
their purpose if they aid in defining some of the problems set for
further investigation.
The change in P.D. after instillation of hypertonic salt solution
was moderately large and persistent.* Actually, the rise in P.D.
from before the salt (Record No. 18) to after salt (No. 19), a dif-
ference of 0.37 mv., is twice the size of the standard deviation
(0.18 mv.) of the pre-salt mean. This is a considerable change
which seems to have persisted for some minutes. No doubt the
change is complicated by the increased alertness which the salt as an
irritant may have caused in the subject. However, the placement
of this particular examination was such that the salt test was not con-
trasted with a record taken when the subject was greatly relaxed, as
was probably true in No. 7.
Relaxation and inactivity with the body in a comfortable position
progressively modify heart rate, blood pressure, metabolism, and
other functions both physiological and psychological. The results of
our study indicate that the eye potential must be added to this list.
And why not? The eyes belong to the head and body and could not
be expected to be laws unto themselves. It is true that the voluntary
muscles of trunk, face, and limbs are sometimes highly under control
* In a few instances after instillation of salt solution the P.D. shows a progressive
increase for some seconds following each lateral shift of the eye (see Nos. 20 and 21
in Fig. 4). This phenomenon which has characteristics of a diffusion potential will
be discussed in a subsequent paper.
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and apparently passive when only the eyes seem alive and "going."
But this is because most people do not realize when and how much
they move the eyes and they fail to include them in their domain
of attempted control. For this reason among others eye behavior
constitutes a most valuable clinical aid. To what extent recorded
eye potential will be found to correlate with other and significant
variables remains to beinvestigated.
Sumnmary
1. The steady potential of the eye was recorded by the string
galvanometer, used with a vacuum-tube microvoltmeter as input,
from electrodes placed on the skin lateral to the eyes, when the eyes
were turned 30° right and left. A group of 18 young women who
had served in previous similar experiments were studied.
2. When subjects exerted pressure on one eye by applying their
finger tips to the lower lid the registered potential was increased
about 0.06 mv. and this difference has a critical ratio of 3.2.
3. When one eye was massaged by rubbing the closed lid with
the finger tips or knuckles for 15 sec. its recorded potential was
found to be higher than that ofthe control eyeby 0.07 mv., C.R. 2.5;
and higher than the same eye 3 min. later by 0.07 mv., C.R. 2.7.
4. Instillation of a few drops of 10 per cent sodium chloride
solution in the eyes increased the potential by a difference of
0.37 mv., C.R. 7.1, and the increase continued for several minutes.
5. The recorded potential was found to be higher when the eye
is closed than when open. This difference is also statistically reliable
since the critical ratio is 3.7.
6. The eye potential was found to conform to the pattern for
blood pressure, metabolism, and other functions which decrease
with relaxation and inactivity when the subject is in a comfortable
posture and free from apprehension. If the subject is afraid and
tense the eye potential is increased.
7. The experiments reported in this paper demonstrate that the
eye potential is sensitive to influence from mechanical and chemical
factors applied to the eye; therefore, it may be assumed that the
measured value ofthe potential as determined at anytime is a result-
ant of influences from the general psychological and physiological
condition of the organism, plus effects from those factors which
are operative on and in the eyeball specifically.
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